To estimate food insecurity prevalence and develop a statistical prediction model for food insecurity. DESIGN: Retrospective cohort study. SETTING: Kaiser Permanente Colorado. PARTICIPANTS: Adult members who completed a preMedicare Annual Wellness Visit survey. MEASUREMENTS: Food insecurity was assessed using a single screening question. Sociodemographic and clinical characteristics from electronic health records and selfreported characteristics from the survey were used to develop the prediction model. RESULTS: Of 130,208 older adult members between January 2012 and December 2015, 50,097 (38.5%) completed food insecurity screening, 2,859 of whom (5.7% of respondents) reported food insecurity. The prevalence of food insecurity was 10.0% or greater among individuals who were black or Hispanic, had less than high school education, had Medicaid insurance, were extremely obese, had poor health status or quality of life, had depression or anxiety, had impairments in specific activities of daily living, had other nutritional risk factors, or were socially isolated (all p<.001). A multivariable model based on these and other characteristics showed moderate discrimination (c-statistic 5 0.74) between individuals with food insecurity and those without and 14.3% of individuals in the highest quintile of risk reported food insecurity. CONCLUSION: Food insecurity is prevalent even in older adults with private-sector healthcare coverage. Specific individual characteristics, and a model based on those characteristics, can identify older adults at higher risk of food insecurity. System-level interventions will be necessary to connect older adults with community-based food resources.
S
ocial resource needs such as food insecurity, inadequate housing, social isolation, and financial resource strain are associated with adverse health outcomes [1] [2] [3] [4] [5] [6] but are modifiable by coordinating healthcare delivery systems and community organizations, [7] [8] [9] but few large-scale efforts to identify social resource needs for older adults in clinical settings have been reported.
Food insecurity, defined as lack of access to adequate food because of limited money or other resources, 3 is an important social resource need for older Americans. In 2015, 12.7% of all U.S. households experienced food insecurity, including 8.3% of households with a member age 65 and older and 9.2% of older individuals living alone. 10 Although primary care-based strategies for identifying and referring older adults with food insecurity have been proposed, 9 information about the health effects of food insecurity in older adults is limited. 3, 9 Since 2011, the Centers for Medicare and Medicaid Services (CMS) has required health systems that participate in the Medicare Advantage program to offer their beneficiaries a no-cost annual wellness visit. At these visits, beneficiaries and clinicians jointly develop comprehensive, personalized prevention plans to provide clinical preventive services; identify concerns about physical and mental health status; and address geriatric conditions such as cognitive impairment and falls. [11] [12] [13] Assessment of social determinants of health is encouraged but not required. 14 As part of its annual wellness visit for Medicare members, Kaiser Permanente Colorado (KPCO) initiated a survey in January 2012 that included a question about food insecurity. 15 We evaluated the first 4 years of survey responses to address several questions: Were the members who completed the survey representative of the population of older adults in KPCO? What was the prevalence of food insecurity among older adult members? What sociodemographic, clinical, and functional characteristics were associated with food insecurity? Could these characteristics identify a high-risk subgroup of older KPCO members who might benefit from more intensive assessment and referral to community resources that address food insecurity?
METHODS

Setting
In 2015, KPCO provided health insurance and clinical services to 650,000 individuals in metropolitan Denver and other Colorado communities, including approximately 110,000 members aged 65 and older. Of older KPCO members, 79.9% received insurance coverage through the Medicare Part C (Medicare Advantage) program, 2.4% had Medicare and Medicaid coverage, and 17.7% had a private retirement insurance plan or received traditional Medicare benefits. All members received comprehensive outpatient primary and specialty care, hospital care, behavioral health services, and population health management. KPCO community specialists, social workers, nurse care managers, and registered dieticians helped connect older members to social services in the community. 16 
Participants
We defined a retrospective cohort of all older adults who were KPCO members at any time between 2012 and 2015. The observation period began on January 1, 2012, for existing members aged 65 and older. Additional members entered the cohort on their 65 th birthday or upon enrollment in the health plan. Membership in the cohort ended when a member left KPCO or died or on December 31, 2015. This cohort represented a "denominated" population of older KPCO members, because eligibility was determined according to health plan membership, not use of services. Members who requested that their data not be used for research were excluded, as were Medicare beneficiaries younger than 65 at the end of 2015. The institutional review board of KPCO approved this study.
Annual Health Assessment Survey
To meet CMS requirements for Medicare Advantage annual wellness visits, KPCO developed the Proactive Assessment of Total Health and Wellness to Add Active Years for Seniors program for members aged 65 and older. 17 Members could complete the Medicare Total Health Assessment (MTHA) on the KPCO web-based patient portal over the telephone using interactive voiceresponse (IVR) technology or in person at the visit. Caregivers or KPCO staff could assist in completing the survey. Those who did not schedule an annual wellness visit were not surveyed.
The Care Management Institute in Kaiser Permanente developed the MTHA survey to assess required and optional domains for the annual wellness visit. Survey items were adapted from validated measures or had been field-tested in prior member surveys. Brief screening items were used wherever possible to minimize respondent burden. Variables included in the survey are described in Supplemental Table S1 . The entire MTHA survey is available through a free on-line licensing agreement. 18 Among the issues assessed in the MTHA were sociodemographic characteristics, living situation, general health status and quality of life, mental health conditions, social isolation, geriatric syndromes, 19 basic and instrumental activities of daily living, tobacco and alcohol use, physical activity, nutrition, and home safety. Food insecurity was assessed using a single question: "Do you always have enough money to buy the food you need?" with a yes or no response option. This question was drawn from the Nutrition Health Screener of the Nutrition Screening Initiative, a validated instrument to assess nutrition in older adults. 15 
Sociodemographic, Clinical, and Usage Data
We linked survey data with clinical and administrative data from the virtual data warehouse of the KPCO Institute for Health Research. 20 We identified 31 common medical conditions using International Classification of Disease, Ninth Revision, codes. 21 We separately analyzed 3 common health conditions (uncomplicated or complicated hypertension, uncomplicated or complicated diabetes mellitus, depression) that have been associated with food insecurity [22] [23] [24] and calculated the total number of other health conditions in the year before cohort entry. We calculated body mass index using the value measured closest in time to MTHA administration. We used KPCO usage and claims data to determine whether members had one or more outpatient visits, emergency department visits, or hospitalizations in the year before completing the MTHA and whether they resided in a skilled nursing facility at any time during that year.
Data Quality and Missing Data
Members with missing data on the food insecurity item were included in a comparison between those who completed the MTHA and those who did not but excluded from subsequent analyses. We excluded 3 survey items with more than 25% missing data. Two (problems with vision, difficulty shopping for groceries) were added to the survey after 2012, and the third (needing help with activities of daily living) was omitted in the IVR version of the survey. For the remaining variables, missing responses ranged from 0.9% to 3.7%, with the exception of alcohol use (11.6%) and sexual activity (6.9%). Overall, 75.6% of members had no missing responses.
Statistical Analysis
Cohort members could complete multiple MTHA surveys over the study period and could report food insecurity on some but not all surveys. We classified members who reported food insecurity at least once as having food insecurity and used data from the first MTHA survey at which they reported food insecurity. For members who never reported food insecurity, we used data from their initial survey.
All analyses were conducted using SAS version 9.4. (SAS Institute, Inc., Cary, NC). We conducted bivariate comparisons using t-tests for normally distributed continuous variables and chi-square tests for categorical variables. We developed multivariable logistic regression models to build a predictive model for food insecurity. Model 1 used sociodemographic and clinical variables from the electronic health record and virtual data warehouse. Model 2 included only self-reported variables from the MTHA. Model 3 included variables from both sources. All three models used a combination of backward elimination and collinearity assessment to select variables for inclusion. Other approaches to variable selection were explored but did not provide substantively different results. Information on age, sex, year of survey, and mode of survey administration (web-based, IVR, in person) was included in all models.
We assumed that missing responses were missing at random. 25 To account for missing responses, we used a fully conditional specification multiple imputation procedure based on the fraction and pattern of missing data, because variables were binary or categorical, and missing patterns were arbitrary. 26 We imputed 20 datasets using SAS PROC MI, ran multivariable logistic regression models on each dataset, and combined parameter estimates to obtain adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for the final predictive model. The discrimination of logistic regression models was evaluated using the c-statistic, and goodness-of-fit was assessed using the Osius test, on which a nonsignificant result indicates satisfactory model calibration. 27 Multivariable models using only respondents with complete data confirmed our findings and are not reported here.
To estimate the prevalence of food insecurity among all older adult members of the cohort, we used weighted inverse propensity scores to adjust for differences between MTHA responders and nonresponders. We fit a logistic regression model with survey response as the outcome and estimated the predicted probability of survey completion (propensity score) using electronic health record variables for all cohort members. We then calculated inverse propensity weights for each member and examined the standardized differences in the weighted sample to assess the balance of measured variables between members with and without survey data. Small absolute standardized mean differences (<0.1) supported the assumption that the 2 groups were comparable. 28 We then calculated food insecurity prevalence in the weighted sample.
RESULTS
KPCO provided insurance coverage and health care for 130,208 individuals aged 65 and older between January 1, 2012, and December 31, 2015. Of these, 51,446 (39.5%) completed at least one MTHA. KPCO members who completed the survey were younger, more likely to be white, and had fewer chronic health conditions than those who did not (Supplemental Table S2 ).
Of those who completed the survey, 50,097 (97.4%) completed the food insecurity item. Of these, 2,859 (5.7%, 95% CI55.5-5.9%) reported that they did not always have enough money to buy the food they needed. After adjustment for variables associated with survey completion, an estimated 5.8% (95% CI55.3-6.3%) of all older KPCO members had food insecurity.
Food insecurity was least prevalent (4.8%) among members aged 85 and older and most prevalent (6.2%) in those aged 75 to 84 (P5.02). Dual Medicaid and Medicare insurance was the strongest predictor of food insecurity (25.6%), and black or Hispanic race or ethnicity and extreme obesity were associated with a prevalence of food insecurity of 10.0% or greater (Table 1) . Food insecurity was also more prevalent in women; those without a spouse or partner; current tobacco or alcohol users; and individuals with hypertension, diabetes mellitus, or a clinical diagnosis of depression. Those with emergency department visits, hospitalizations, or any residence in a skilled nursing facility in the prior year were also more likely to have food insecurity (Supplemental Table S3 ).
On the MTHA survey, individuals with fair or poor general health or quality of life, depression or anxiety, oral or dental problems, difficulty or needing help with 7 activities of daily living, higher nutritional risk (consuming no fruits or vegetables or eating <2 meals a day), or a lack of someone to call for help were more likely to report food insecurity (Table 2 ). Other survey items that had statistically significant associations with food insecurity are presented in Supplemental Table S4 .
The multivariable model including sociodemographic and clinical variables alone (Model 1) had a c-statistic of 0.69 and that including survey data alone (Model 2) and had a c-statistic of 0.70. A model including variables from both sources (Model 3) more accurately discriminated individuals with food insecurity from those without (cstatistic 5 0.74), and was well calibrated (P5.97 on Osius test). Table 3 shows the prevalence of food insecurity according to quintile of predicted risk for all 3 models. In the combined model, the risk of food insecurity increased from 1.5% to 14.3% across quintiles. The highest-risk quintile included 50.3% (1,437/2,859) of individuals who reported food insecurity. Table 4 shows selected sociodemographic, clinical, and survey variables associated with food insecurity in Model 3. After adjustment for other factors, the likelihood of food insecurity declined with advancing age. Variables most strongly associated (OR>1.5) with food insecurity were black race, Medicaid insurance, fair or poor quality of life, oral or dental problems, difficulty managing money, no fruit or vegetable consumption, and lack of someone to call for help. Living with a relative or friend, heavy alcohol consumption, and any residence in a skilled nursing facility in the prior year were associated with lower risk (OR<0.67) of food insecurity.
Supplemental Table S5 presents the complete multivariable model.
DISCUSSION
The prevalence of self-reported food insecurity was 5.7% in older adult members of KPCO who completed a survey before their Medicare annual wellness visit between 2012 and 2015. Adjustment for characteristics associated with survey completion (Supplemental Table S2 ) increased the estimated prevalence of food insecurity only slightly (5.8%). In this private-sector healthcare system, overall prevalence of food insecurity was lower than the 8.3% prevalence among U.S. households with an older adult member in 2015. 10 Many of the sociodemographic, clinical, and psychosocial predictors of food insecurity in KPCO members (Table 4, Supplemental Table S5 ) were consistent with findings of prior research in older adults. Food insecurity was more common in members of racial and ethnic minority groups, [29] [30] [31] [32] [33] individuals with less education, [29] [30] [31] [32] [33] and those who were unmarried or lived alone. 3, 29, 31, 32 Diabetes mellitus, 24, 30 depression, 3, 30 poorer self-reported health, and limitations in activities of daily living were also more common in older KP members with food insecurity. 3, [29] [30] [31] 34 Our study identified several associations not previously reported, including anxiety, oral or dental concerns, and lack of someone to call for help. Food insecurity declined with advancing age, even after adjustment for living situation and prior institutional stays. Although only 2% of MTHA respondents were dually enrolled in Medicaid and Medicare, these individuals had the highest risk of food insecurity on bivariate and multivariable analyses.
Most prior multivariable models for food insecurity used data from national or regional surveys and did not include clinical information. 29, 31, 32 The one exception linked a state-level survey to Medicare claims. 30 We developed Model 1, based exclusively on clinical information, because it would be more easily replicable in other healthcare systems with electronic health records. Model 3, which combined clinical and survey data, more accurately identified a subpopulation of older adults at high risk of food insecurity (Table 3 ). This combined model included 30 variables with complex interrelationships, not all of which are easily explicable. For example, food insecurity was associated with a significantly higher prevalence of self-reported depression, anxiety, and anger but a paradoxically better overall self-rating of mental health after controlling for these other conditions (Supplemental Table S5 ).
The predicted risk of food insecurity ranged from 1.5% in the lowest-risk quintile to 14.3% in the highestrisk quintile (Table 3) , a substantially higher rate than the 8.3% prevalence among US households with at least one older adult. 10 Despite its ability to identify a high-risk subgroup, the model failed to identify almost half of the older adults with food insecurity in KPCO. All variables analyzed are included in Supplemental Table S3 . 1349 members who completed the Medicare Total Health Assessment survey but had missing data on the food insecurity item were excluded.
The study has several strengths. Its denominator consisted of all qualifying members of the health plan, which allowed us to assess bias in survey completion. We augmented survey data with rich clinical information from the healthcare system. The survey provided several options for completion to accommodate older members, including web-based and IVR-assisted options that could minimize stigma associated with self-identified social needs.
There were also limitations to this evaluation. First, the study was conducted in a single Medicare Advantage health plan. Our findings may not generalize to fee-for service Medicare beneficiaries or to other geographic regions, and the lower prevalence of food insecurity in KPCO members probably reflects their higher socioeconomic status than older adults nationally. Second, fewer than 40% of eligible members completed the MTHA. The group completing the survey was heterogeneous, consisting of members who chose to complete an annual wellness visit, as well as Medicaid Special Needs Plan members who CMS required to complete an annual assessment. This selection bias may have affected our estimate of the prevalence of food insecurity, although a higher proportion of KPCO members completed Medicare annual wellness visits than has been reported in other settings. 13 Third, food insecurity was assessed using a single item whose validity has not been compared with more standard measures such as the 18-item or 6-item U.S. Department of Agriculture measures 5, 10 or the 2-item Hunger Vital Sign. 33, 35 Despite this limitation, many characteristics associated with food insecurity in this cohort are consistent with findings of prior research. 29, 31, 32 The predictive model developed in this cohort requires confirmation in other settings. Finally, we did not assess whether individuals with food insecurity were successfully connected with community-based food services, obtained food resources, or experienced All variables analyzed are included in Supplemental Table S4 . Sample size varies because of missing survey responses changes in clinical outcomes. These are areas of active research in our organization.
In conclusion, almost 6% of older members in a large, private-sector healthcare delivery system reported that they did not always have the money to buy the food they needed. Food insecurity was associated with minority race or ethnicity and Medicaid insurance coverage, as well as other social determinants of health such as low education and social isolation. The use of clinical and survey data enabled us to identify a subpopulation of older adults whose risk of food insecurity exceeded the national average, but this predictive model failed to identify many older adults who might benefit from referral to community-based food resources. We demonstrated that surveys linked to annual wellness visits for Medicare beneficiaries can provide important information about the social needs of older adults within healthcare systems. Approaches to identifying food insecurity in older adults will need to be combined with strategies to connect older adults with community-based food resources if health systems are to help their members meet this basic human need. 
SUPPORTING INFORMATION
Additional Supporting Information may be found in the online version of this article. Table S1 . Variables included in the Medicare Total Health Assessment (MTHA) survey and their sources. Table S2 . Comparison between older adults in Kaiser Permanente Colorado who were screened for food insecurity and those who were not. Table S3 . Comparison of all measured sociodemographic and clinical characteristics between older adults who reported food insecurity and those who did not. Table S4 . Comparison of all measured health status, quality of life, functional abilities and social needs between older adults who reported food insecurity and those who did not. Table S5 . Full multivariable model for predicting food insecurity among older adults.
Please note: Wiley-Blackwell is not responsible for the content, accuracy, errors, or functionality of any supporting materials supplied by the authors. Any queries (other than missing material) should be directed to the corresponding author for the article.
